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1. INTRODUCTION 
The desirable rate of depleting exhaustible resources has, for a long time. been the subject 
of a significant volume of economics literature. The traditional approach to this issue 
considers the producer as a business agent whose aim is maximizing the expected flow 
of his profits and discusses the subsequent results under various assumptions regarding 
the market structure [e.g., Sweeney [I]], extraction cost [e.g., Stiglitz [211, uncertainty 
[e.g., Deskmukh, et al. [3]]. etc. 
Although the traditional approach provides significant insights into the behavior of 
private producers, it has little relevance to the case in which the supplier of an exhaustible 
resource is the government of a country. In this latter case, the supply policy will be 
based on the country’s requirements of foreign exchange, and other essentials of devel- 
opment planning, and not necessarily on profit maximization. 
Of special relevance to the above discussion is the case of Zambia, whose economy 
is extremely dependent on the export of exhaustible minerals (mainly copper) and whose 
government is now making “national planning the principal means of promoting economic 
development.“t 
The Zambian economy has greatly suffered from fluctuations in the price of copper in 
the international market. In fact, price fluctuations have provided external shocks to the 
Zambian economy creating significant structural instabilities. (Figure 1 shows the histor- 
ical trends of the international (London Metal Exchange) price of copper and the real per 
capita consumption in Zambia.) 
Realizing the seriousness of the above problem, the Zambian government is now seek- 
ing development policies which reduce the vulnerability of its economy by reducing the 
destabilizing impacts of copper price fluctuations, and lessening the dependency of the 
economy on copper exports. 
* The authors would like to thank Ke-young Chu, Stephen R. Lewis, and Thomas K. Morrison for their 
constructive comments on an earlier draft of this paper. The authors, however, are solely responsible for any 
shortcomings. The views expressed in this paper do not necessarily reflect those of the institutions with which 
the authors are associated. 
t See National Commission for Development Planning (1979) [4], p. 111. 
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Figure 1 - Per Capita Consumption Expenditures 
vs. International Price of Copper 
The present paper introduces a resource management model which aims at the above 
objectives while it treats the copper reserve as a special form of national asset whose 
utilization should be weighed against the productivity of other forms of national wealth, 
i.e., the stock of capital and the (positive or negative) holdings of foreign assets. This 
treatment is formulated as a control problem which is then solved using deterministic and 
stochastic algorithms. 
Section 2 presents the model while Section 3 discusses the results of the simulations 
for the period 1984-1988 (the Fourth Development Plan of Zambia). Section 4 contains 
the concluding remarks. 
2. THE MODEL 
The resource management model introduced here derives the optimal values of copper 
and non-copper exports to maximize the following welfare criterion: 
J = f. {I/(1 + d)‘_‘POP,[U,(PCON,)] - U,,(CE, - CE,)’ 
I=1 
- uz,(NCEX, - NCEX,)“} + s,.CAPT + s,lR7. + s,,AT- (I) 
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where 
PCON = 
POP = 
CE = 
NCEX = 
CE = 
NCEX = 
CAP = 
R= 
A= 
real per capita private consumption 
population 
copper exports 
non-copper exports 
target for copper exports 
target for non-copper exports 
stock of capital 
copper reserves 
net holdings of foreign assets 
and UI, ~2, s,., s,, and s,, are the objective function parameters while d stands for the 
discount rate. 
The first term of the objective function (1) measures the current welfare of the nation 
which is intended to be maximized. The utility index, UJPCON,) can be expressed in a 
variety of mathematical forms. The specification utilized here is a quadratic form such 
as 
U,(PCON,) = -a,PCON: + b,PCON, (2) 
This form is mathematically tractable and provides a reasonable approximation to many 
other forms of utility function (see Markowitz [5]). In addition, it can serve a very useful 
role in our case by providing a tool to study the destabilizing impacts of fluctuations in 
the copper price on the Zambian economy. This is due to the fact that the utility index 
(2) can be written as 
CJ,(PCON,) = -a,(PCON1 - PCON,)’ + constant (3) 
where PCON, = b,/2a,. That is, the quadratic utility index can be viewed as a means of 
stabilizing the per capita consumption expenditure around a predetermined target for this 
variable. This provides the Zambian planners with a tool to study the feasibility of in- 
creasing the per capita consumption, by examining the different target trends for this 
variable .I 
The second and third terms of the objective function (1) represent the policymaker’s 
desire to keep the amounts of copper and non-copper exports close to some specific targets 
(e.g., a declining path for copper exports and an ascending trend for non-copper exports). 
This treatment of policy variables is not customary in the welfare maximization or portfolio 
management practices. Although we will examine the case with u1 = u2 = 0 in the next 
section, there is an important reason to include these terms in the objective function. 
Presently Zambia is observing a growing domestic pressure on behalf of achieving “eco- 
nomic independence.” The term “economic independence” is, of course, interpreted 
differently by those who insist on its achievement. The common intention, however, is 
to advocate a set of “politically desirable” trade targets or, in general, to enter the “soci- 
ety’s political attitude” as an effective factor into the process of determining foreign trade 
policies. This is, in fact, a point of departure from the traditional analysis of foreign trade 
in which economic rationality is used as the main basis of choosing the trade policies. 
$ For a technical discussion of this approach see Razavi [6, 71. 
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Thus, inclusion of the second and third terms in the objective function is intended to take 
account of the policymaker’s utility of aiming at some politically desirable trade targets. 
This utility may be viewed as the welfare gain from “economic independence” or “export 
diversification” depending on the targets one would choose for the copper and non-copper 
exports. There is, of course, a cost, in terms of other desirable objectives which must be 
forgone, associated with this gain, which we will discuss in the next section. 
The last three terms of the objective function (1) show the portfolio of the national 
wealth at the end of the planning period. Parameters So, sr. and s,, represent the shadow 
prices of capital stock, copper reserves, and foreign assets. Given that CAP7, RT, and 
AT, are considered as pure assets, the values of So and sU can be taken as simple discount 
factors, while the expected price of copper in year T may be chosen as the proper value 
for sr. It is, however, noted that if the planner utilizes a broader view of CAP?,, Rr, and 
A= and considers them as the future factors of production, the assignment of values to 
So, s,, and sa should be based on the expected future services of these factors, which is 
clearly a more complicated matter. 
In short, objective function (1) is composed of three distinct considerations: (1) the 
current welfare of the nation shown by the discounted utility of per capita consumption; 
(2) the future welfare indicated by the discounted value of assets saved for the future 
consumption (CAPT, A=, and RT); and (3) the policymaker’s satisfaction of aiming at 
specific trade targets. 
Having specified the objective function, it remains to determine how the per capita 
consumption, capital stock, and holdings of foreign assets are related to the level of copper 
production.§ To this end, we start with writing: 
PCON, = p,PGNP, + y,PCON,_, + ~1, (4) 
which is Friedman’s specification of consumption function and where PGNP stands for 
the per capita income. 
The gross national income is determined by 
GNP, = CON, + INV, + GOV, + CP, ’ CE, + NCEX, - IMP, (3 
where INV and GOV show the investment and government consumption expenditures, 
respectively, while CP stands for the international price of copper and IMP designates 
the value of total imports. GNP and CON show the total national income and private 
consumption expenditures, respectively. 
Investment expenditures are identified by 
INV, = CAP, - XCAP,_, (6) 
where A stands for the rate of depreciation, and capital stock is determined by 
CAP, = PzGNP, + yzCAP,_, + e2, (7) 
which is Koyck’s specification of the capital-output ratio [see Evans [WI. 
Imports are, in general, dependent on the level of economic activity.11 In the case of 
I The size of the model is intentionally kept small to cope with the computational difficulties involved in 
using the stochastic dynamic programming techniques. 
(1 Imports are also dependent on the prices of imported goods relative to those of domestically produced 
goods. Here, nevertheless, the relative price index turns out to have no statistically significant impact on imports. 
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Zambia, however, the various components of GNP have different impacts on the import 
requirements. In particular, the import requirement is heavily dependent on the level of 
investment expenditures. Almost all capital goods are imported from abroad. In addition, 
investment activities require a considerable amount of imported services. Thus, we specify 
imports as 
IMP, = (~3 + p3CON, + y3GOVt + 63ZNV, + ~3, (8) 
The remaining copper reserves in period t, R,, is determined through 
R, = R,_, - CE, (9) 
Finally, net holdings of foreign assets (including gold) are determined by 
A, = (1 + rr) A,_, + CP,*CE, + NCEX, - IMP, - NCO, (10) 
where r represents the real rate of return on foreign assets and NC0 shows the net capital 
outflow. 
To put Equations (4) to (10) in a formal optimization framework, we write: 
PCON, 0 0 0 p,oo 0 00 
CON, POP* 0 0 000 0 00 
GNP, 0 1 0 0 1 ox-1 00 
PGNP, 0 0 IIPOP, 0 0 0 0 0 0 
0 0 0 001 0 00 INV, 
000 0 00 CAP, 
0630 0 00 
__ii _ 
IMP, 
0 0 0 0 00 0 00 R, 
0 0 0 0 00-I 00 A, 
~,oooo 0 00 0 PCON, _ , 
00000 0 00 0 CON, - , 
00000 0 00 0 GNP, - , 
00000 0 00 0 PGNP, _ , 
+ 00000-A00 0 [NV,_, 
00000 -j, 00 0 CAP, _ , 
00000 0 00 0 IMP, _ , 
00000001 0 Rt-I 
-0 0 0 0 0 0 0 0 l+r,__A,_, 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
+ 
0 0 0 
where 15 3, pi, +i, and 53 are consistent and asymptotically unbiased estimates of 03, pi, 
yi, and 83. 
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The above system of equations is designated in matrix notation as 
Yt = ILY, + rh- 1 + &X, + ~‘I,& 
where 
Y’ = [PCON,, CON,, GNP,, PGNPI, ZNV,, CAP,, IMP,, R,, A,], 
x' = [CE,, NCEX,], 
and 
z: = [GOV,, NCO,, 1.01 
The reduced form of this system is written as 
yr = A,Y,- I + B,x, + Cpzr (11) 
where 
A, = (I - n’,)-‘nzr 
B, = (I - &)-‘&, 
c, = (I - n’,)-‘n4 
Equation (11) may be viewed as the state equation where y,, x,, and zI represent our 
vectors of state, control, and exogenous variables. 
To complete the formulation of our optimization problem, we rewrite the objective 
function (1) as 
J = 5 (14 1 + d)‘- ‘[-a, . POP, . PCONf + b, . POP,PCON, 
r= 1 
- u,CE: + 2~,cE,cE, - U~NCEX; + u~NcEX,NCEX,]} 
+ l/(1 + d)T-‘[CAPT + A7 + CPTRT] + constant (12) 
where u’, and ~2, have been substituted by ull(l + d)'- ’ and uZ/(l + d)'- ’ respectively. 
This objective function can then be expressed as 
J = x [y;Q,y, + y:s, + x; . u, . x, + x;u,] (13) 
I=' 
where Q, is a null matrix except for its first element, which is 
Q,(l, 1) = -a,POP,l(l + d)‘-’ 
and s, is a null vector except for the following elements: 
s, (1) = b, . POP,I(l + d)‘- ’ 
~~(7) = l/(1 + d)‘-’ 
~~(8) = CP, - c . R&l + d)7-’ 
s7 (9) = l/(1 + d)‘--’ 
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Matrix U, and vector u, are defined as: 
Equation (11) and objective function (13) constitute a linear quadratic control problem 
which may be solved to arrive at the optimal values of CE, and NCEX,. One of the 
interesting features of our formulation of the problem here is the capability that this 
formulation provides for studying the effect of uncertainties on the choice of optimal 
policy. This is especially important for analyzing the uncertainties involved in the pre- 
diction of the future price of copper. The copper price follows a cyclical pattern but at 
any instant of time it involves some random variations. This characteristic of the price is 
normally difficult to incorporate into the dynamic programming models because price 
enters into the model as a random variable which is multiplied by other random state 
variables, adding to the non-linearity of the stochastic constraints and complexity of de- 
riving an analytical solution. Here, however, the copper price enters into the constraints 
as elements of the coefficient matrix B,. A random price (with mean CP, and variance 
of) is then translated into a random coefficient while the form of the constraints remains 
linear. This simplifies the derivation of optimal policy by a great deal. 
The basic limitation of our formulation is that the international copper price is assumed 
to be independent of the Zambian export policy. That is, Zambia is viewed as a “price 
taker” in the international copper market. This assumption, however, is not likely to 
impose a serious restriction on the model, because Zambia’s ability to affect the copper 
price is insignificant. Indeed, the copper market is relatively competitive and even the 
Intergovernmental Council of Copper Exporting Countries (CIPEC), formed in 1967, does 
not have much influence over the international price of copper (see Zorn 191 and Pindyck 
[lOI). 
3. THE RESULTS 
This section analyzes the numerical results of our model for the Fourth Development 
Plan of Zambia (1984-88). Before proceeding with this analysis, however, a few prepa- 
ratory steps are necessary. First, equations (4), (7), and (8) are estimated using the annual 
time series statistics for 1965-1981, with all values deflated into 1970 kwacha. The results 
are summarized in Table 1 where all equations are estimated using the instrumental var- 
iable technique with correction for the first-order auto-correlation. 
Second, in order to compute the optimal trends of the policy and state variables, we 
need to choose some values for the objective function parameters a,, 6,, u 1 and 1t2. 
Table 1. Estimation results of equations (41, (7) and (8) 
Equation (4) PCON, = 0.2544 PGNP, + 0.5683PCON,_, 
[ I.891 12.5 I] 
Equation (7) 
R* = 0.96, D - W = 1.74, p = 0.43 
CAP, = 0.2413 GNP, i 0.9196 CAP,_, 
L4.991 [40.543 
Equation (8) 
R2 = 0.99, D - W = 1.90. p = 0.23 
IMP = - 15.2504 + 0.1976 CON, + 0.3042 GOV, + 0.4381 INV, 
[-0.141 [1.61] 
R2=0.66,D- W= 1.62.p=O.26 
[2.09] [3.57] 
Note: Figures in brackets are the “I” ratios. 
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Table 2. Optimal values of policy and state variables (Derenninisric solrrrio~rt 
Variable* 1984 1985 1986 1987 I988 
Copper production 596.45 615.31 599.31 581.42 569.71 
Copper exports 298.49 326.3 I 322.39 311.78 299.3 I 
Noncopper exports 29.02 30.14 31.95 33.16 35.02 
Imports 257.41 269.17 273. I I 276.45 279.33 
Private consumption expenditure 610.11 616.08 625.46 649.31 674.18 
Per capita consumption expenditure 92.76 90.82 89.91 90.45 91.04 
Investment expenditure 181.64 186.76 191.82 192.91 192.03 
Gross national income 1.113.35 1.134.82 1.144.53 1.152.18 I ,159.83 
Net foreign assets - 591.45 - 579.82 - 561.49 - 556.36 - 554.85 
Capital stock 3.014.54 3.043.49 3.071.19 3.102.45 3.130.07 
Copper reserves 33,411.oo 32q817.16 32.205.69 31.610.91 31.028.18 
* Per capita consumption is measured in 1970 kwacha, copper production and copper reserves are expressed 
in I.000 tons, and all other variables are measured in millions of 1970 kwacha. 
Normally, planners utilize alternative values for the objective function parameters to 
examine their impact on the optimal solution. Before doing this, however, a set of initial 
values should be chosen to establish a base case. To facihtate the choice of the initial 
values of a and b, we may temporarily assume that utility is measured in monetary units 
(e.g., constant kwacha). The term b,PCON,, with 6, equal to unity, would then measure 
the utility of current consumption if the marginal utility stayed constant. The term 
- a,PCONf measures the deduction from this utility due to the actually diminishing mar- 
ginal utility. 
Parameters ur and u2 show the weights that decision makers assign to obtaining the 
export targets. The magnitude of U, shows the monetary value of narrowing the gap 
between CE, and a,. In the same manner, the value of 142 indicates the value assigned 
to narrowing the gap between NCEX, and NCEX,. 
To calculate the optimal values of the policy and state variables, we use Chow’s [I I] 
algorithms for the deterministic and stochastic versions of the control problem, where the 
stochastic solution is used when we want to maximize the e.rpected value of the objective 
function (1) while we allow for the presence of uncertainty in the estimates of the structural 
coefficients (~3, pi,y; and 63, as well as in the copper price CP,. 
The calculation of the deterministic solution is quite straightforward and does not need 
further explanation. The calculation of the stochastic solution, however, requires an es- 
timate of the covariance matrix of the reduced-form coefficients A,, B, and C,, Here, we 
have used the first theorem of Goldberger, Nagar, and Odeh [12] to calculate the covar- 
iance matrix of the reduced-form coefficients. 
Table 2 contains the optimal values of the policy and state variables under deterministic 
conditions, i.e., the coefficient estimates are assumed to represent the true values of 0~3, 
pi, and yi and S3, and the uncertainty involved in the prediction of the copper price is 
ignored. These results are based on the following assumptions with regard to the future 
values of exogenous variables. First, the real price of copper is assumed to increase at 
the rates of 10 per cent in 1984, 5 per cent in 1985, 2 per cent in 1986, zero per cent in 
1987, and -2 per cent in 1988. Second, the real value of government consumption ex- 
penditure is assumed will stay constant. This pattern is chosen on the basis of the present 
attitude toward limiting the government consumption expenditure (current budget). Third, 
the net capital outflow is assumed to stay at its 1982 level. 
The results in Table 2 are also based on the following initial values to the objective 
function parameters and the target trend: 
a, = 0.001, b, = 1.0, u1 = u2 = 0.01, ?%, = CEoe-“.““, NCEX, = NCEXoe0.w3’ 
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Although we have previously attempted to justify the choice of the above values for 
the objective function parameters, we should examine the sensitivity of the optimal so- 
lution to the changes in these values. To this end, we have performed a sensitivity analysis. 
the results of which are summarized in Table 3. As we change the value of each parameter, 
the trends for policy and state variables will shift from their positions in the initial case. 
The extent of this shift is measured by the “root mean squared deviation” (RMSD) of 
the new trends from those of the base case. The algebraic sign in front of each figure is 
intended to indicate the direction of the shift. 
Also included in Table 3 is the discounted utility of consumption JI (which is equal to 
the first term of the objective function (1)) and the discounted future utility. 52 (which is 
equal to the sum of the last three terms of the objective function (1)). These two measures 
are included in Table 3 to indicate the trade-offs among the current welfare, future welfare, 
and the achievement of economic independence (or export diversification) goal. 
As parameter a is increased beyond 0.01, the optimal solution will be affected signif- 
icantly. The reason is that when “a” rises above 0.01, the saturation point of the utility 
index falls below the existing level of per capita consumption. The level of per capita 
consumption is then forced to go down. However, as the saturation level goes beyond 
the existing level of per capita consumption, the optimal solution becomes relatively 
insensitive to changes in a. 
Parameter b is an important indicator and any change in this parameter affects the 
optimal solution significantly. Its importance is quite clear. It shows the relative weight 
that the decision maker assigns to one kwacha worth of consumption goods compared 
with one kwacha worth of capital goods or foreign assets. 
Parameter UI and the target trend CE, are both related to the decision maker’s desire 
to reduce the copper exports and to lower the dependency of the economy on these 
exports. Parameter UI affects the optimal solution significantly only if it takes a value 
Table 3. Root mean squared deviation from the base case 
Parameter RMSDce RM=~oN RMSD~A,, RMSD, JI J2 
a: 
0.1 
0.01 
0.001 
0.0001 
b: 
0.5 
I.0 
1.5 
U,: 
0.1 
0.01 
0.001 
&OOOl 
CE growth rate: 
-2 per cent 
-5 per cent 
- 8 per cent 
u2: 
0.1 
0.01 
o.001 
NCEX growth rate: 
5 per cent 
3 per cent 
7 per cent 
(- j74.63 (FIl56.31 
(- j29.48 (- )42. I5 
0.00 0.00 
(+)18.75 (+)21.47 
(-j103.18 
0.00 
(+)95.63 
t-)187.43 
0.00 
(+ 1139.52 
( - j84.46 
0.00 
( + j32.54 
t+j41.33 
( - jl69.45 
0.00 
(+)53.18 
(1-j72.11 
( + J27.41 
0.00 
t-)24.13 
(+)19.43 
0.00 
C-)9.71 
(+)]I.33 
0.00 
C-)6.16 
( + j46.52 
0.00 
( - 139.76 
( + 13 I .56 
0.00 
(- jl4.46 
(+)20.71 
0.00 
(- 110.49 
( - j59.07 
(- w.04 
o.ocl 
(+)14&l 
(- j84.42 
0.00 
( + j69.66 
(kj61.16 
0.00 
(+ j27.33 
( + j35.46 
( + )24. I I 
0.00 
( - j20.62 
(+ Jl7.61 
0.00 
(+)9.16 
(+)9.84 
0.00 
( + )6.46 
( + j27.49 2.014 16.983 
c+ j9.39 2.957 16,584 
0.00 3.065 16.496 
(- 17.32 3.082 16.477 
(+ j25.34 2,631 16,873 
0.00 3.065 16.496 
( - j22.41 3.945 16.028 
( + j20.1 I 2.793 16,542 
0.00 3,065 16.496 
(kjl5.47 3.148 16.402 
t-)18.36 3,193 16.37 I 
(+ j8.49 3,097 16.472 
0.00 3,065 16,496 
( - 17.08 3,011 16,539 
(+)6.31 3,047 16.481 
0.00 3,065 16.496 
(-h5.14 3,054 16.473 
(+ j4.92 3,051 16,469 
0.00 3,065 16.496 
( - 13.04 3,059 16,484 
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above 0.06. (This value is not included in Table 3.) The growth rate of m. if changed 
within a reasonable range. does not have a significant impact on the optimal solution. 
Changes in the values of parameters ~1~ and the target trend NCEX, do not have any 
significant impact on the optimal values of policy and state variables. This is due to the 
fact that non-copper exports are less than 10% of the total exports. 
The next step in our analysis is to evaluate the effect of uncertainty on the optimal 
values of the policy and state variables. We are concentrating on two types of uncertainty: 
(1) uncertainty involved in the estimation of the statistical relationships: and (2) uncertainty 
prevailing in the prediction of copper prices. The first type of uncertainty is represented 
by the covariance matrix of the structural-form coefficients while the second type of 
uncertainty is introduced through a specific value for the variance of the copper price. 
Table 4 contains the results of the stochastic solution. There are four cases included 
in this table. The first case assumes that the copper price is known with certainty ((Y = 
O), but takes into account the uncertainties involved in the estimation of the statistical 
relationships ((4), (7) and (8) of the structural form). The resultant optimal pattern of 
copper exports is not considerably different from that of the deterministic solution (Table 
2) because the statistical significance of coefficients is rather high. 
The second case examines the impact on the copper production policy of uncertainty 
involved in prediction of copper price. That is, the assumptions are the same as in the 
previous case except that the copper price is assumed to have a normal distribution with 
mean CP and variance a* while (+ = 0.1. As a result, the optimal path of copper production 
shifts down. The extent of this shift, however, is more significant in the fourth and fifth 
years of the plan compared with those of the first and the second years. 
The third and fourth cases are essentially the same as the second case except that 
computations are based on alternative values of u. The results of these cases show that 
Table 4. Optimal values of policy and state variables (stochastic solution) 
Variable* 1984 1985 1986 1987 1988 
Case I, o = 0 
Copper production 
Per capita consumption 
Net foreign assets 
Capital stock 
Cooper reserves 
589.43 608.31 602.11 571.14 551.38 
91.06 89.93 88.82 89.56 90.35 
-593.16 -5X1.41 - 567.08 -561.87 - 559.95 
3.009.56 3.03X.49 3.06x.92 3.094.68 3.121.45 
33.41 I .oo 32.X19.54 32.213.49 31.621.31 3 I ,04X76 
Case’i, o = 0.1 
Copper production 
Per capita consumption 
Net foreign assets 
Capital stock 
Copper reserves 
Case 3. 0 = 0.05 
Copper production 
Per capita consumption 
Net foreign assets 
Capital stock 
Copper reserves 
565.31 
85.02 
- 599.42 
2.997.01 
33.41 I .oo 
582.49 563.37 538.94 
82.94 81.43 80.95 
- 593.56 - 582.45 -581.36 
3.01X.31 3.031.56 3.062.42 
32.x46.09 32.261.34 3 I .706.04 
571.39 592.45 577.46 
87.06 85.01 83.89 
- 598.59 -591.13 - 571.46 
2.002.62 3.021.71 3.045.96 
33.411.00 32.84056 32.249.92 
519.02 
81.06 
- 579.52 
3.0X7.05 
31.170.56 
548.59 529.94 
82.96 83.49 
- 514.52 -572.61 
3,079. I3 3.102.56 
31.673.56 31,126.59 
Case 4, o = 0.2 
Copper production 551.18 565.13 544.85 514.31 496.05 
Per capita consumption 81.07 77.13 74.06 72.61 73. I I 
Net foreign assets -602.19 -59x.49 -5X9.13 -585.86 - 584.49 
Capital stock 2.972.45 2.982.45 2.992.56 3.001 .X1 3.01X.39 
Copper reserves 33.411.00 32.859.41 32.29x.56 31.752.47 31.262.91 
* Per capita consumption is measured in 1970 kwacha, copper production and copper reserves are expressed 
in I .OOO tons, and other variables are measured in millions of 1970 kwacha. 
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the shift in the optimal path of copper production is systematically and directly related 
to the degree of uncertainty in the future price of copper. 
4. CONCLUDING REMARKS 
Quite often, the utilization of optimization models results in conclusions which are, at 
least on the qualitative part, common sense. One such conclusion. emerging from our 
numerical results, is that mineral exporting countries which are faced with the fluctuation 
of the price of their export item in the international market should accumulate foreign 
exchange during the upward phase of the price cycle to be able to absorb the external 
shock of the downward phase. Most mineral exporting countries. however. use their 
increased foreign exchange earnings of the “price rising” phase to expand their imports. 
This policy not only impedes them from coping with the financial difficulties of the “price 
falling” phase, but also exacerbates these difficulties by making the economy further 
dependent on imports. In any event. the Fourth Development Plan of Zambia starts at a 
time when the copper price is headed upward. The efficient strategy for Zambia is, never- 
theless, to use the additional foreign exchange earnings of 1985 and 1986 to pay off part 
of its foreign debt and to finance the investment expenditures which will expand the 
productive capacity of the economy. The real per capita consumption will fall slightly 
during the first three years of the plan and then will start to rise gradually. 
The second conclusion of this study, which may not be intuitively clear, is that con- 
sideration of uncertainties prevailing in the prediction of copper prices results in a sub- 
stantially more conservative plan for the Zambian economy. The optimal copper export 
policy will be considerably smaller in magnitude, and the subsequent trends of con- 
sumption expenditures and capital accumulation will shift down accordingly. The general 
implication is that Zambia should choose a conservative strategy for its next development 
plan. The extent of this conservatism is. nevertheless, dependent on the policy makers’ 
view of the degree of instability in the copper market. 
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